Three experiments were undertaken to determine if dietary protein and corticosterone affect hepatic microsomal mixed function oxidase (MFO) system and immunoresponses in male broiler chicks. In Experiments 1 and 2, chicks (14 days of age) were fed on 11.5 or 23% protein diet supplemented with 0, 5 or 50 ppm corticosterone for 14 days. In Experiment 3, chicks (20 days of age) were given 10, 20 or 40% protein diet supplemented with 0 or 10 ppm corticosterone for 12 days. Dietary corticosterone increased the content of cytochrome P-450 in chicks fed on the 11.5% protein diet, but not on the 23% protein diet. Cytochrome P-450 in chicks fed the 40% protein diet with 10 ppm corticosterone is lower as compared to that in chicks fed the diet without corticosterone. The activity of NADPH-cytochrome c reductase increased linearly with dietary corticosterone or protein. Antibody titer to Sheep Red Blood Cell in chicks fed on the 40% protein diet was lower than that in chicks fed on the 10 or 20% protein diet. The corticosterone administration did not affect the titer. The titer to Brucella canis was decreased by the administration of corticosterone, but not by an increase in dietary protein contents. The results suggest that dietary corticosterone activates the MFO system in hepatic microsomes, while the degree of the activation of the MFO is dependent on dietary protein contents, and also suggest that effects of dietary protein and corticosterone on antibody production may be different from type of antigen used though decreasing protein and increasing corticosterone in the diets reduces organ weight related to immunity.
Introduction
Hepatic microsomal mixed function oxidase (MFO) consist of cytochromes P-450 and b5, NADPH-cytochrome c reductase, and NADH-cytochrome b 5 reductase, and plays an important role in metabolism of xenobiotics and endogenous steroids in chicks (TAKAHASHI and JENSEN, 1984 and 1987) as well as mammals (CAMPBELL and HAYER, 1974) . Nutritional factors affecting the MFO in microsomes have been well established in animals in which dietary protein content is one of the most effective modifiers to the MFO in mammals (CAMPBELL, 1978) and chickens (TAKAHASHI et al ., 1988 (GLICK, 1967; GROSS and SIEGEL, 1973; GROSS et al., 1980; SIEGEL et al., 1983; PARDUE and THAXTON, 1984; DONKER and BEUVING, 1989 ns; Not significant. 5 or 50 ppm corticosterone and given to 6 chicks in 2 cages for 14days. In Experiment 3, isoenergetic diets containing 10, 20 or 40% protein were formulated (Table 1 ) and supplemented with 0 or 10 ppm corticosterone. Twelve chicks with 4 cages were allocated to each diet and fed for 12 days. Food and water were provided ad libitum.
The chicks were weighed individually at the beginning and end of the experiments and food consumption per cage was measured.
The chicks were immunized intravenously with mixture of 0.25ml of SRBC (5 volume of packed cell per 100 volume of a phosphate buffer) and 0.05ml of Brucella canis (BC) in the 0.5ml phosphate buffer at 26 days of age in Experiment 3.
Blood sample were obtained from the wing vein using heparinized syringes immediately after each chick had removed from its cages. A smear was prepared from each blood sample and stained with the May Grunwald-Giemsa stain. The chicks were killed by heart puncture and the liver, spleen, thymus and bursa of antibody titers to the SRBC and BC were determined using a microtiter assay. The titers were expressed as log2 of the highest dilution giving total agglutination.
Hepatic microsomes for determining the MFO were prepared by the method of corticosterone levels. levels.
corticosterone reduced the cytochrome P-450 content. The increased dietary protein and corticosterone enhanced the activity of NADPH-cytochrome c reductase. Those changes in the cytohrome P-450 and NADPH-cytochrome c reductase were generally similar when expressed on the basis of unit of microsomal protein or unit of body weight.
Discussion
The present experiment shows that dietary corticosterone activated the MFO system in chicks fed on the low protein diet rather than on the high protein diet. The effects were emphasized in cytochrome P-450 content in chicks fed on the low protein diet supplemented with 50 ppm corticosterone (Tables 3-a . In immature rats, corticosterone induces cytochrome P-450 content in hepatic microsomes, but not in adult rats (TREDGER et al., 1976) . Thus, the induction of cytochrome P-450 by corticosterone in chicks was different from those in rats, and dietary protein contents could modify the effect of corticosterone on the contents of cytochromes P-450 and b5. In contrast to cytochrome P-450 content, the NADPH-cytochrome c reductase activity increased consistently with dietary protein and corticosterone concentration. This is in a good agreement with the results of rats (TREDGER et al., 1976) , The present study demonstrates that the effects of exogenous corticosterone on the components of the MFO system were also modified by the dietary protein contents though it has been recognized in mammals that glucocorticoid is associated with development of drug metabolizing enzyme in late fetal, neonatal and late suckling stages (LEAKEY, 1983) . SIEGEL et al. (1989) indicated that response of SRBC titer to dietary corticosterone differed between White Leghorn and meat type chicks. DONKER and BEUVING (1989) showed that low level of corticosterone infusion did not change antibody production to
SRBC. The present study shows that the titer to SRBC was not affected in spite of a large dose of corticosterone (Tables 4-a COOPER et al., 1973) . On the other hand, the SRBC titer in chicks fed on the 40% protein diet was significantly lower than that in chicks fed on the 10 or 20% protein diet. This is not consistent with the results obtained with laboratory animals (COOPER et al., 1973) and chicks (CLICK et al., 1981) . The reason for the disparity between the previous experiments and our experiment remains obscure though duration of feeding diets, energy intake, or species or breed differences may be considerable factors. 
